Introduction
this tunnel before the formation of the second tetrahedral intermediate, we tested the ability of 
Chemicals

13
Substrates and other chemicals were purchased from Sigma-Aldrich-Fluka Chemical Co.
14 They were of the highest purity available (98% minimum) and checked by gas 15 chromatography before use. Substrates were dried by distillation under argon prior to use and 16 stored under argon atmosphere and over molecular sieves. Solvents were purchased from 17 Carlo Erba. 1-methylpropylpropanoate, 1-methylbutylpropanoate, 1-methylpentylpropanoate, 
Wild-type (WT) and stereospecific pocket mutants
WT CALB and stereospecificity pocket variants (Ser47Ala, Thr42Val and Ser47Ala-1 Thr42Val) were produced in the methylotropic yeast Pichia pastoris. These lipases were 2 expressed extracellularly and purified from the medium by hydrophobic interaction 3 chromatography, followed by gel filtration [6, 17] . 4 Enzyme adsorption was performed onto 60-80 mesh Chromosorb P AW DMCS (Acid
5
Washed DiMethylChloroSilanized) (Varian, France). In a typical adsorption procedure for 6 solid/gas catalysis, WT enzyme (0.106 mg) or variant (0.85 mg) was dissolved in sodium 7 phosphate buffer (pH 7.5, 10 mM), and dry Chromosorb P AW DMCS (1g) was added to the 13 The three mutants Ile189Ala, Leu278Val and Ala282Leu were obtained through site-directed The bioreactor used in this study has already been described in a previous publication [20] .
Mutants of the entrance crevice
6
Thermodynamic experiments were run from 308 to 363 K with immobilized enzyme 7 preparation (10 mg to 200 mg). All other experiments were made at 318 K. The total flow rate 8 passing through the reactor was set to 800 µmol. octan-3-ol, for which thermodynamic activities for alcohol was fixed at 0.1 and 0.2 for methyl 13 propanoate.
14
Chromatographic assays
16
For the solid/gas system analyses, the vapor phase leaving the bioreactor was sampled by 17 using a loop (0.25 mL) on a six-way valve (Valco) maintained at 175 °C or 220 °C. Samples
18
were automatically injected into the split injector of a gas chromatograph (Agilent 6890N)
19
(split 2:1) equipped with a flame ionization detector (FID) for the detection of all products.
20
The column was a Chirasil-DEX CB (25 m, 0.25 mm i. was less than 10%. The equations RT lnE = - R-S ΔG* and  R-S ΔG* =  R-S ΔH*-T R-S ΔS* 20 were used to calculate enthalpic and entropic components of E [23, 24] . The Standard Dynamics Cascade Protocol of DS 1.6 was used with a time step of 1 fs. The 11 complex was energy minimized (2500 Steepest descent and 2500 adobted Basis NR) and 12 temperature of the system was raised from 50 to 400 K over 2 ps. After a short equilibration
13
(1 ps) a production run was carried out for 10 ps at 400 K. Backbone atoms were kept fixed 14 during simulation, in order to keep the original structural integrity. Acyl-transfer reaction rates, in case of catalysis by native or modified CALB, were 4
Results and Discussion
experimentally measured with methyl propanoate as acyl donor and pentan-2-ol as racemic 5 nucleophile, in a continuous solid gas reactor at 318 K, at water activity close to zero. The 6 acyl-transfer activity decreased by a factor 3 and 4, when using respectively Ser47Ala and Thr42Val mutants, compared to WT CALB, for which a value of 30 µmol of product min related to enzyme activity and selectivity is still elusive.
4
In the present study, the effects of mutations cannot be ascribed to modifications of the size of 5 the stereospecificity pocket, as threonine and valine on the one side are isosteric, and serine 
21
The increase of enantioselectivity toward pentan-2-ol afforded by single-point mutations
22
(Thr42Val and Ser47Ala) may originate from modification of the H-bond network between 23 amino acid residues in the vicinity of the stereospecificity pocket, and different spatial 24 degrees of freedom and mobility of these residues and also of substrate substituent positioned in this pocket. The higher E-value for the single-point mutants compared to that of the WT 1 could arise from higher mobility of the non mutated residue, which now is not hydrogen 2 bonded and has more mobility. If it moves more than in the WT, the specificity pocket will be 3 smaller, then the S-enantiomer will not fit so well and E goes up. The H-bond network 4 progress and mobility of the residues located in the stereospecificity pocket, when using 5 variants Thr42Val and Ser47Ala, compared to WT CALB, will be the topic of future studies 6 by molecular dynamics simulation. 3.2 The effect of water on enantioselectivity of the stereospecificity pocket variants.
11
The effect of water thermodynamic activity (a w ) on WT CALB-catalyzed acyl-transfer 12 reaction was previously extensively studied by using a solid/gas reactor [12, 13] . It was shown So it appears that the enhancement of E promoted by water is significantly reduced in case of 24 double-point variant compared to WT enzyme, whereas it is strongly enhanced in case of 25 single-point variants.
Previously, the increase of enantioselectivity of WT CALB for pentan-2-ol at low water The crystallographic structure of CALB shows that the substrate binding pocket is an 4 elliptical, steep funnel. The pocket constitution is similar to other lipases with a hydrophilic 5 bottom of the funnel, which is formed by the catalytic Ser105 and residues of the oxyanion 6 hole, Thr40 and Gln106 [33] . Near the surface the pocket is bordered by hydrophobic 7 residues, which interact with organic solvents, but unlike to lipases, CALB have no lid and is 8 not submitted to interfacial activation. The active site crevice can be partitioned into two 9 sides, an acyl side and an alcohol side, where the corresponding parts of the substrate will be 10 located during catalysis [7] . The alcohol side is bounded by four hydrophobic residues,
Ile189, Leu278, Ala282 and Ile285. They form a narrow tunnel, which must be crossed by by these residues were calculated by systematic conformational search. This study showed 14 that these residues have side chains free to rotate and have no steric interaction with 15 neighboring residues (Fig 3a) . Consequently a concerted motion of the side chains cannot be increased by a factor 1.1 to 2, when using Ala282Leu variant compared to WT CALB, except 4 for heptan-3-ol, for which it decreased; activity was similar or slightly increased when using
5
Leu278Val variant, except for hexan-3-ol and heptan-3-ol, for which it decreased, and activity 6 decreased with Ile189Ala mutant. As an example, in case of hexan-2-ol as nucleophile, a 7 value of 13.5 µmol of product.min -1 mg -1 of pure and free enzyme was found with WT 8 CALB, which was doubled to 26.1 with Ala282Leu, increased to 18.2 with Leu278Val and 9 decreased to 10.8 with Ile189Ala.
10 Table 2 shows the results for the enantiomeric ratio E for acylation of the eight chiral alcohols
11
(butan-2-ol, pentan-2-ol, hexan-2-ol, heptan-2-ol, octan-2-ol, hexan-3-ol, heptan-3-ol and 
18
To analyze these data, the following postulate can be formulated: modifications of the (butan-2-ol and hexan-3-ol) or similar E-value (pentan-2-ol). In these cases, an easier access 17 to the active site for the R-enantiomer could explain the effect.
Ile189Ala mutant is also supposed to ease access of S-enantiomer to the active site. This Thermodynamic components of the enantiomeric ratio, E, and activity A (µmol of product min -1 mg -1 of free enzyme) for acylation of pentan-2-ol with methyl propanoate as acyl donor, catalyzed by WT Candida antarctica lipase B and the three variants of the stereospecificity pocket. All experiments were performed at a W equal to 0 in the gaseous stream of the solid/gas reactor. For measurements of both E-and A-values the thermodynamic activity of methyl propanoate and alcohol were fixed at 0.1 and 0.05, respectively. [e] Total number of E measurements. [f] Results of this line have already been published in a previous publication [12] .
Type of enzyme
Table 2
Enantiomeric ratio E [a] and activity A (µmol of product min -1 and mg -1 of free enzyme) for acylation of chiral secondary alcohols with methyl propanoate as acyl donor at 318 K, in solid/gas reactor, catalyzed by WT Candida antarctica lipase B and variants of CALB obtained by mutations of amino acids at the entrance of the active site crevice. All experiments were performed at a W equal to 0 in the gaseous stream of the solid/gas reactor. Thermodynamic activity of methyl propanoate and alcohol were fixed at 0.1 and 0.05, respectively, except for heptan-3-ol and octan-3-ol (0.2 and 0.1), for measurements of both Eand A-values. 
